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(57) ABSTRACT

Disclosed herein 1s a battery cartridge configured 1n a frame
structure to mount a plate-shaped battery cell therein, the
battery cartridge comprising a pair of plate-shaped frames
configured to fix the outer circumierence of the battery cell in
a state 1n which at least one side of the battery cell 1s open,
wherein each of the frames 1s provided at the outside thereof
with an elastic pressing member configured to fix a heat
dissipation member to the open side of the battery cell 1n a
tight contact manner upon manufacture of a battery module.
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BATTERY CARTRIDGE HAVING ELASTIC
PRESSING MEMBER, AND BATTERY
MODULE CONTAINING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of PCT International
Application No. PCT/KR2010/0026935 filed on Apr. 28, 2010,
which claims the benefit of Patent Application No. 10-2009-
0040884 filed 1n Republic of Korea, on May 11, 2009. The
entire contents of all of the above applications 1s hereby
incorporated by reference into the present application.

TECHNICAL FIELD

The present invention relates to a battery cartridge having,
an elastic pressing member and a battery module including
the battery cartridge, and, more particularly, to a battery car-
tridge configured 1n a frame structure to mount a plate-shaped
battery cell therein, the battery cartridge comprising a pair of
plate-shaped frames configured to fix the outer circumierence
of the battery cell 1n a state 1n which at least one side of the
battery cell 1s open, wherein each of the frames 1s provided at
the outside thereof with an elastic pressing member config-
ured to fix a heat dissipation member to the open side of the
battery cell 1n a tight contact manner upon manufacture of a
battery module and a battery module configured 1n a structure
in which a battery cell 1s mounted 1n the battery cartridge.

BACKGROUND ART

As mobile devices have been increasingly developed, and
the demand for such mobile devices has increased, the
demand for secondary batteries has also sharply increased.
Among such secondary batteries 1s a lithtum secondary bat-
tery having high energy density and operating voltage and
excellent preservation and service-life characteristics, which
has been widely used as an energy source for various elec-
tronic products as well as for the mobile devices.

Based on their external and internal structures, secondary
batteries are generally classified into a cylindrical battery, a
prismatic battery, and a pouch-shaped battery. Especially, the
prismatic battery and the pouch-shaped battery, which can be
stacked with high integration and have a small width to length
rat10, have attracted considerable attention.

Also, the secondary batteries have attracted considerable
attention as an energy source for electric vehicles, hybnd
clectric vehicles, and plug-in hybrid electric vehicles, which
have been developed to solve problems, such as air pollution,
caused by existing gasoline and diesel vehicles using fossil
tuel. As a result, the secondary batteries are being applied to
an increasing number of applications owing to advantages
thereof, and, m the future, the secondary batteries are
expected to be applied to even more applications and prod-
ucts.

As applications and products, to which the secondary bat-
teries are applicable, are increased, kinds of batteries are also
increased such that the batteries can provide powers and
capacities corresponding to the various applications and
products. Furthermore, there i1s a strong need to reduce the
s1ze and weight of the batteries applied to the corresponding
applications and products.

For example, small-sized mobile devices, such as mobile
phones, personal digital assistants (PDA), digital cameras,
and laptop computers, use one or several small-sized, light-
weight battery cells for each device according to the reduction

10

15

20

25

30

35

40

45

50

55

60

65

2

in s1ze and weight of the corresponding products. On the other
hand, muddle- or large-sized devices, such as electric
bicycles, electric motorcycles, electric vehicles, and hybrnd
clectric vehicles, use a middle- or large-sized battery module
(which may also be referred to as a “battery pack™) having a
plurality of battery cells electrically connected with each
other because high power and large capacity 1s necessary for
the middle- or large-sized devices. The size and weight of the
battery module 1s directly related to an accommodation space
and power of the corresponding middle- or large-sized
device. For this reason, manufacturers are trying to manufac-
ture small-sized, lightweight battery modules.

Meanwhile, when battery cells are connected to one
another, 1n a state 1n which the battery cells are stacked, so as
to increase the capacities of battery modules, the dissipation
of heat from the battery cells becomes serious. For lithium
secondary batteries, heat 1s generated from the lithium sec-
ondary batteries during the charge and discharge of the
lithium secondary batteries. If the heat 1s not effectively
removed from the lithium secondary batteries, the heat accu-
mulates 1n the respective lithium secondary batteries, result-
ing in the deterioration of the lithium secondary batteries, and
the satety of the lithium secondary batteries 1s greatly low-
ered. In particular, for a battery requiring high-speed charging
and discharging characteristics as 1n a power source for elec-
tric vehicles and hybrid electric vehicles, a large amount of
heat 1s generated from the battery when the battery instanta-
neously provides high power.

Also, a water cooling type cooling structure or an air cool-
ing type cooling structure, which 1s widely used as a cooling
structure for cooling such a battery module, 1s generally fixed
to the battery module. As a result, 1t 1s difficult to apply
various cooling structures to the battery module as needed.

In connection with this matter, for example, Japanese
Patent Application Publication No. 2004-031281 discloses a
cooling structure of an electrode stacked type battery config-
ured 1n a structure in which a pair of laminate films each
including a metal layer and a resin layer are disposed at
opposite sides of an electrode assembly manufactured by
stacking a cathode and an anode 1n a state 1n which a separator
1s disposed between the cathode and the anode, and edges of
the laminate films are fixed to each other 1n a tight contact
manner, wherein a pair of pushing members push opposite
sides of the electrode stacked type battery, the pushing mem-
bers protrude more outward than the outer circumierence of
the electrode stacked type battery, the protruding regions of
the pushing members function as heat dissipation members
which dissipate heat generated from the electrode stacked
type battery.

However, the above-mentioned technology has problems
in that 1t 1s necessary to manufacture a battery cell case 1n a
complicated structure and mount the manufactured battery
cell case into a battery, which 1s troublesome. Also, the above-
mentioned technology 1s limited to a structure 1n which an air
cooling type cooling {in 1s applied upon stacking of batteries
to manufacture a battery module, with the result that 1t 1s
difficult to use various heat dissipation members, such as a
water cooling type cooling plate or a non plate-shaped cool-
ing member.

Therefore, there 1s a high necessity for technology that 1s
capable of fundamentally solving the above-mentioned prob-
lems.

DISCLOSURE

Technical Problem

Therefore, the present invention has been made to solve the
above problems, and other technical problems that have yet to
be resolved.
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Specifically, i1t 1s an object of the present invention to
provide a battery module configured 1n a structure in which

the outer circumierence of a battery cell 1s fixed by plate-
shaped frames 1n a state 1n which sides of the battery cell are
open, and elastic pressing member are mounted to the out- 3
sides of the frames such that various heat dissipation methods
are applied to the battery module.

Technical Solution
10

In accordance with one aspect of the present invention, the
above and other objects can be accomplished by the provision
of a battery cartridge configured 1n a frame structure to mount
a plate-shaped battery cell therein, the battery cartridge com-
prising a pair of plate-shaped frames configured to fix the 15
outer circumierence of the battery cell 1n a state 1n which at
least one side of the battery cell 1s open, wherein each of the
frames 1s provided at the outside thereof with an elastic press-
ing member configured to 1ix a heat dissipation member to the
open side of the battery cell 1n a tight contact manner upon 20
manufacture of a battery module.

Consequently, in a case in which a plurality of battery
cartridges according to the present invention, in each of which
a battery cell 1s mounted, are stacked i1n a state 1n which heat
dissipation members are disposed between the respective bat- 25
tery cartridges, elastic pressing members increase structural
stability of the battery cartridge stack and, 1n addition, enable
the heat dissipation members to be effectively fixed to the
battery cartridge stack.

Also, 1n the battery cartridge structure as described above, 30
it 1s possible to apply various heat dissipation members to the
battery cartridges based on thermal characteristics and use
environment of the battery cells, thereby achieving joint use
of a battery module.

Structure of the elastic pressing member 1s not particularly 35
restricted as long as the elastic pressing member can be
mounted to the frames to fix the heat dissipation member
upon manufacture of a battery module. For example, the
clastic pressing member may be mounted to at least one
selected from a group consisting of an upper side region, a 40
lower side region, a left side region, and a right side region of
the outside of each of the frames. Preferably, the elastic press-
ing members are mounted to the upper side region and the
lower side region of the outside of each of the frames and/or
the left side region and the right side region of the outside of 45
cach of the frames.

Consequently, the heat dissipation member 1s pressed 1n a
tight contact manner by the elastic pressing member mounted
to the outside of each of the frames to increase fixation
between the heat dissipation member and each of the frames. 50
As a result, 1t 1s not necessary to use an additional member to
fix the heat dissipation member.

As previously described, the plate-shaped frames may fix
the outer circumierence of the battery cell 1n a state 1n which
at least one side of the battery cell 1s open, and the heat 55
dissipation member may be disposed 1n tight contact with the
open side of the battery cell. Consequently, heat generated
from the battery cell 1s transferred to the heat dissipation
member, thereby achieving effective heat dissipation. Prefer-
ably, the plate-shaped frames {ix the outer circumierence of 60
the battery cell 1n a state in which the opposite sides of the
battery cell are open, thereby maximizing heat dissipation
elficiency.

In a preferred example, the battery cell may be mounted
between the respective frames 1n a state 1n which the at least 65
one open side of the battery cell protrudes from a correspond-
ing one of the frames, and the elastic pressing member may be
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mounted at the outside of each of the frames 1n a state 1n which
the elastic pressing member has a height greater than a pro-
truding height of the battery cell at the at least one open side
thereof.

In the above structure, the elastic pressing member
mounted higher than the protruding open side of the battery
cell 1s elastically pressed, when a plurality of battery car-
tridges, 1n each of which a battery cell 1s mounted, are stacked
to constitute a battery module, thereby providing a stably
stacked structure. In a case 1n which the heat dissipation
members are disposed between the respective battery car-
tridges, the elastic pressing members assist the heat dissipa-
tion members to be stably mounted to the respective battery
cartridges.

According to circumstances, the elastic pressing member
may be provided at the outer surface thereof with at least one
structure selected from a group consisting of a depressed part,
an embossed part, and a groove.

A material for the elastic pressing member mounted at the
outside of each of the frames 1s not particularly restricted as
long as the elastic pressing member exhibits elastic compres-
stve force when the elastic pressing member 1s pressed. Pret-
erably, the elastic pressing member 1s made of a polymer resin
exhibiting a physical property of elasticity. Such a polymer
resin may be a material that 1s capable of exhibiting high
elastic force or may have a structure or shape that 1s capable
of exhibiting high elastic force. A representative example of
the former may be rubber, and a representative example of the
latter may be foamed polymer resin.

The elastic pressing members may be mounted to the
frames 1n various manners. In order to more eificiently mount
the elastic pressing members to the frames, each of the frames
may be provided at the outside thereol with a groove, 1n which
the elastic pressing member 1s mounted.

The elastic pressing member may have a width equivalent
to 10 to 80% of a width of each of the frames. If the width of
cach of the elastic pressing members 1s too small as compared
with the width of each of the frames, an efiect obtained by
mounting the elastic pressing members to the frames may be
exhibited. On the other hand, 1f the width of each of the elastic
pressing members 1s too large as compared with the width of
cach of the frames, the elastic pressing members, which are
clastically deformed when the elastic pressing members are
pressed, cover large portions of the heat dissipation members,
with the result that a heat dissipation effect may be lowered.
Furthermore, the elastic pressing members may protrude out
of the frames when the elastic pressing members are pressed,
which 1s not preferable. Of course, therefore, the width of
cach of the elastic pressing members may exceed the above
defined range unless the above problems are caused.

The frames may be made of various materials. Preferably,
the frames are made of an insulative material or a material
upon which insulative surface treatment 1s carried out. A
representative example of the former may be a plastic resin,
and a representative example of the latter may be a metal
material having an insulative material coated on the surface
thereof. However, the material for the frames 1s not limited to
the above materials.

The elastic pressing members, which increase structural
stability of the battery cartridge stack and, 1n addition, enable
the heat dissipation members to be effectively fixed to the
battery cartridge stack when a plurality of battery cartridges
according to the present invention, 1n each of which a battery
cell 1s mounted, are stacked 1n a state 1n which heat dissipation
members are disposed between the respective battery car-
tridges as described above, may be located on the heat dissi-
pation members.
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In accordance with another aspect of the present invention,
therefore, there 1s provided a heat dissipation member con-
figured to be mounted between battery cells or between bat-
tery cartridges having battery cells mounted therein, wherein
the heat dissipation member 1s provided with an elastic press-
ing member configured to fix the heat dissipation member to
an outside of each of the battery cells 1n a tight contact
mannet.

The elastic pressing member mounted at the heat dissipa-
tion member 1s substantially 1dentical to the elastic pressing,
member mounted at the battery cartridge except where the
clastic pressing member 1s mounted. Consequently, construc-
tion and operation related to the elastic pressing member
mounted at the battery cartridge are 1identically applicable to
the elastic pressing member mounted at the heat dissipation
member.

Meanwhile, 1n a case 1 which a battery module having
high power and/or large capacity 1s needed according to pur-
pose of use, 1t 1s necessary to provide a structure 1n which a
plurality of battery cells are stacked. In this case, a higher heat
dissipation property is required to secure safety. In accor-
dance with a further aspect of the present invention, therefore,
there 1s provided a battery module configured 1n a structure in
which battery cartridges are sequentially stacked 1n a state in
which battery cells are mounted 1n the battery cartridges, and
a heat dissipation member 1s disposed at at least one 1interface
between the battery cartridges, thereby achieving effective
dissipation of heat from the battery cells.

In the above structure, the heat dissipation member may be
formed 1n the shape of a plate, and the heat dissipation mem-
ber may be disposed between the battery cartridges in a state
in which at least a portion of the heat dissipation member 1s
exposed outward from the stacked battery cartridges. That 1s,
at least a portion of the heat dissipation member 1s exposed
outward from the battery cartridge stack, with the result that
heat generated from the battery cells 1s transierred to the heat
dissipation member disposed between the battery cartridges
and 1s effectively removed through the portion of the heat
dissipation member exposed outward from the battery car-
tridge stack. The portion of the heat dissipation member dis-
posed between the stacked battery cartridges may have a size
to completely cover the interface between the battery car-
tridges. Alternatively, the portion of the heat dissipation
member disposed between the respective battery cartridges
may have a size to partially cover the interface between the
respective battery cartridges.

Structure of the heat dissipation member 1s not particularly
restricted as long as the heat dissipation member 1s disposed
between the respective battery cartridges 1n a state in which a
portion of the heat dissipation member 1s exposed outward
from the battery cartridges. For example, the heat dissipation
member may be an air cooling type cooling fin or a water
cooling type cooling plate.

That 1s, the battery module according to the present inven-
tion may be configured 1n an air cooling type structure or a
water cooling type structure as needed without great change
ol processes. Consequently, various heat dissipation mem-
bers having different structures may be easily applied to the
battery module according to the present invention based on
how heat 1s dissipated.

Also, 1n the battery module according to the present imnven-
tion, 1t 1s possible to easily dispose heat dissipation members
different from the plate-shaped heat dissipation member
between the respective battery cartridges, thereby achieving,
elfective heat dissipation by disposing a desired type of a heat
dissipation member between the respective battery car-
tridges.
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In a preferred example, the heat dissipation member may
include a first heat dissipation member and a second heat
dissipation member, the first heat dissipation member may
extend such that one side of the first heat dissipation member
covers at least a portion of an outermost battery cartridge (a)
of the battery module, and the other side of the first heat
dissipation member 1s disposed between the inner battery
cartridges, and the second heat dissipation member may
extend such that one side of the second heat dissipation mem-
ber covers at least a portion of the outermost battery cartridge
(a) of the battery module 1n a state 1n which the second heat
dissipation member does not overlap with the first heat dis-
sipation member, and the other side of the second heat dissi-
pation member 1s disposed between the inner battery car-
tridges.

In the battery module with the above-stated construction,
two or more heat dissipation members surround a plurality of
battery cartridges such that the heat dissipation members do
not overlap with each other in a state 1n which the heat
dissipation members are 1n contact with at least one side of
cach of the battery cartridges, and at least a portion of each of
the heat dissipation members 1s exposed to the outside of the
outermost battery cartridge, and therefore, 1t 1s possible to
clfectively dissipate heat generated from the battery car-
tridges (specifically, the battery cells mounted 1n the battery
cartridges) by heat conduction through the heat dissipation
member.

Furthermore, the battery cartridges are stacked 1n a struc-
ture 1n which opposite sides of the respective battery car-
tridges are 1n tight contact with each other by the elastic
pressing members 1n a state in which the heat dissipation
members are mounted between the respective battery car-
tridges, thereby achieving easy heat transfer. Consequently, 1t
1s possible to more effectively cool the battery cells and/or to
reduce temperature deviation between the battery cells. Also,
it 1s possible to restrain the increase 1n size of the battery
module including the heat dissipation members. In addition,
it 15 possible to stack the battery cartridges with higher inte-
gration than battery cartridges using a conventional cooling
system.

In the above description, the sentence “the second heat
dissipation member 1s mounted at the battery module 1n a
state 1n which the second heat dissipation member does not
overlap with the first heat dissipation member” means that
these heat dissipation members are mounted at the battery
module 1n state 1n which the heat dissipation members do not
overlap with each other while the heat dissipation members
satisly the above conditions. Consequently, the first heat dis-
sipation member and the second heat dissipation member are
mounted at the battery module such that the first heat dissi-
pation member and the second heat dissipation member are
opposite to each other.

The heat dissipation members may be mounted at the bat-
tery module 1n a state in which the heat dissipation members
are bent to cover sides of the battery cartridges. For example,
cach of the heat dissipation members may be bent 1n a [’
shape.

That 1s, 1n the battery module using the battery cartridges
according to the present invention, the heat dissipation mem-
bers may have the above-described mounting structure. The
heat dissipation members may have a mounting structure
flexible according to a desired shape by elastic compressive
force of the elastic pressing members although the heat dis-
sipation members are bent according to the shape and stack
thickness of the battery cartridges.

In a preferred example, the first heat dissipation member
may be configured such that one side of the first heat dissi-
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pation member covers an area equivalentto 14 to 2 of the area
of the outside of the outermost battery cartridge (a), and the
second heat dissipation member may be configured such that
one side of the second heat dissipation member covers an area
equivalent to 14 to Y2 of the area of the outside of the outer-
most battery cartridge (a) at the opposite side of the first heat
dissipation member. Consequently, one side of the first heat
dissipation member and one side of the second heat dissipa-
tion member, which are opposite to each other, covers an area
equivalent to the entirety or %43 of the area of the outside of the
outermost battery cartridge. If the area of the outside of the
outermost battery cartridge covered by the first and second
heat dissipation members 1s less than 24 of the area of the
outside of the outermost battery cartridge, 1t 1s difficult to
achieve a heat dissipation effect. Therefore, 1t 1s preferable for
the first and second heat dissipation members to cover 24 or
more of the area of the outside of the outermost battery
cartridge.

In this aspect, 1t 1s more preferable for one end of the first
heat dissipation member to cover an area equivalent to 2 of
the area of the outside of the outermost battery cartridge (a)
and for one end of the second heat dissipation member to
cover an area equivalent to %2 of the area of the outside of the
outermost battery cartridge (a). Alternatively, one end of the
first heat dissipation member may cover an area equivalent to
%4 of the area of the outside of the outermost battery cartridge
(a), and one end of the second heat dissipation member may
cover an area equivalent to %3 of the area of the outside of the
outermost battery cartridge (a).

Meanwhile, the other side of each of the first and second
heat dissipation members disposed between the battery car-
tridges may extend such that the other side of each of the first
and second heat dissipation members 1s disposed throughout
the interface between the battery cartridges. That 1s, the other
side of each of the first and second heat dissipation members
disposed between the battery cartridges covers the entirety of
the 1interface between the stacked battery cartridges, thereby
clfectively dissipating heat generated from the respective bat-
tery cartridges through conduction.

In a preferred example, the heat dissipation members may
be mounted at the battery module such that the other side of
cach of the heat dissipation members 1s located at only one
side of each of the battery cartridges. Even 1n a case in which
cach of the heat dissipation members 1s located at only one
side of each of the battery cartridges, 1t 1s possible to achieve
desired heat transfer through conduction, thereby easily
removing heat generated from the battery cartridges.

Specifically, on the assumption that the battery cartridges
stacked on the basis of the outermost battery cartridge (a) are
sequentially referred to as a first battery cartridge, a second
battery cartridge, a third battery cartridge, . . . , a p” battery
cartridge, the other side of the first heat dissipation member
may be disposed between the first battery cartridge and the
second battery cartridge, and the other side of the second heat
dissipation member may be disposed between the third bat-
tery cartridge and the fourth battery cartridge.

Therefore, even 1n a case 1n which the other side of each of
the first and second heat dissipation members 1s not disposed
between the second battery cartridge and the third battery
cartridge, one side of the second battery cartridge 1s 1n contact
with the first heat dissipation member disposed between the
first battery cartridge and the second battery cartridge,
thereby achieving heat dissipation, and one side of the third
battery cartridge 1s in contact with the second heat dissipation
member disposed between the third battery cartridge and the
fourth battery cartridge, thereby achieving heat dissipation.
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According to circumstances, the other side of the second
heat dissipation member may be disposed between the second
battery cartridge and the third battery cartridge 1n consider-
ation of the fact that an amount of heat generated from the
battery cartridges located at the middle region of the battery
module. Consequently, one side of the second battery car-
tridge 1s brought 1nto contact with the first heat dissipation
member, and the other side of the second battery cartridge 1s
brought 1nto contact with the second heat dissipation mem-
ber, thereby achieving a high heat dissipation efiect through
the two heat dissipation members.

In a preferred example, the heat dissipation member may
turther include a third heat dissipation member and a fourth
heat dissipation member mounted to another outermost bat-
tery cartridge (b) of the battery module, the third heat dissi-
pation member may extend such that one side of the third heat
dissipation member covers at least a portion of the outermost
battery cartridge (b) of the battery module, and the other side
of the third heat dissipation member 1s disposed between the
inner battery cartridges, and the fourth heat dissipation mem-
ber may extend such that one side of the fourth heat dissipa-
tion member covers at least a portion of the outermost battery
cartridge (b) of the battery module 1n a state in which the
fourth heat dissipation member does not overlap with the
third heat dissipation member, and the other side of the sec-
ond heat dissipation member 1s disposed between the 1nner
battery cartridges.

The outermost battery cartridge (b) 1s a battery cartridge
opposite to the outermost battery cartridge (a) in the battery
module including the plurality of stacked battery cartridges.
That 1s, the outermost battery cartridge (a) and the outermost
battery cartridge (b) are located at the opposite sides of the
battery module. In the above preferred example, therefore,
the third and fourth heat dissipation members may be
mounted at the outermost battery cartridge (b) 1n the same
manner as or 1in a similar manner to the first and second heat
dissipation members of the outermost battery cartridge (a).

In the above structure, the third heat dissipation member
and the fourth heat dissipation member may be mounted at the
battery module at positions at which the third heat dissipation
member and the fourth third heat dissipation member do not
overlap with the first heat dissipation member and the second
heat dissipation member.

The third heat dissipation member and the fourth third heat
dissipation member may be mounted as follows. For
example, on the assumption that the battery cartridges
stacked on the basis of the outermost battery cartridge (b) are
sequentially referred to as an n” battery cartridge, an n—17”
battery cartridge, an n—2” battery cartridge, . . ., a p” battery
cartridge, the other side of the third heat dissipation member
may be disposed between the n” battery cartridge and the
n—-1? battery cartridge, and the other side of the fourth heat
dissipation member may be disposed between the n—-2 bat-
tery cartridge and the n—-3” battery cartridge.

Consequently, a desired number of the battery cartridges
may be stacked 1n a structure 1n which the battery cartridges
are covered by a plurality of heat dissipation members with-
out overlapping, thereby achieving a battery module having
high power and large capacity without an additional coolant
flow channel as compared with a conventional art.

According to circumstances, an isulative member may be
mounted between the outside of the outermost battery car-
tridge (a) and the heat dissipation members so as to prevent
the outermost battery cartridge (a) from being overcooled.
Such an insulative member may be mounted between the
outside of the outermost battery cartridge (b) and the heat
dissipation members so as to prevent the outermost battery
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cartridge (b) from being overcooled, 1in the same manner as 1n
the outermost battery cartridge (a). The outermost battery
cartridge (a) and the outermost battery cartridge (b) are
directly exposed to the external environment through the heat
dissipation members, with the result that the outermost bat-
tery cartridge (a) and the outermost battery cartridge (b) have
a greater cooling rate than the internal stacked battery car-
tridges. Consequently, heat generated from the outermost
battery cartridges 1s also dissipated through the heat dissipa-
tion members by the provision of such an insulative member,
thereby reducing a temperature deviation between the respec-
tive battery cartridges.

The battery module 1s not particularly restricted as long as
a plurality of battery cartridges are stacked 1n a state 1n which
the heat dissipation members are disposed between the
respective battery cartridges to constitute the battery module.
For example, the battery module may include atotal o1 6 to 12
battery cartridges. Even 1n a structure in which the battery
cartridges are stacked, a coolant flow channel for cooling may
be configured to pass along the heat dissipation members, and
therefore, 1t 1s possible to substantially reduce the number of
coolant flow channels. For example, the coolant flow chan-
nels may be configured to pass along only the heat dissipation
member regions on the outermost battery cartridges. Alterna-
tively, the coolant flow channels may be configured to pass
along the heat dissipation member regions on the outermost
battery cartridges and heat dissipation member regions at the
top and/or bottom of the battery module. Consequently, the
battery module according to the present invention may be
configured 1n a thermally stable structure without a plurality
ol coolant tlow channels.

In the battery module according to the present invention as
described above, 1t 1s possible to dispose various kinds of heat
dissipation members between the battery cartridges to which
the elastic pressing members are mounted, thereby providing
a desired cooling structure as needed.

Also, the battery module according to the present invention
1s preferably used a power source for devices which require
high power and large capacity and to which various kinds of
external force, such as vibration and impact, are applied, e.g.,

as a power source for electric vehicles, hybrid electric
vehicles, or plug-in hybrid electric vehicles.

[l

ects

Advantageous E

As 1s apparent from the above description, the battery
cartridge according to the present invention 1s configured 1n a
structure 1n which the outer circumierence of the battery cell
1s fixed by the plate-shaped frames 1n a state in which the sides
of the battery cell are open, the elastic pressing members are
mounted at outsides of the frames, and the heat dissipation
members are disposed between the respective battery car-
tridges, so as to constitute a battery module. Consequently, 1t
1s possible to use various kinds of cooling methods and to
manufacture a battery module which 1s configured generally
in a compact structure and which 1s flexible 1n design change
of the battery module.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advantages
of the present invention will be more clearly understood from
the following detailed description taken 1n conjunction with
the accompanying drawings, in which:

FIG. 1 1s a plan view typically illustrating a battery car-
tridge according to an embodiment of the present invention;
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FIG. 2 1s a vertical sectional view 1illustrating the battery
cartridge of FIG. 1;

FIG. 3 1s a perspective view 1llustrating a battery module
configured 1n a structure 1n which heat dissipation members
are disposed respectively between battery cartridges, one of
which 1s shown 1n FIG. 1;

FIG. 4 1s a perspective view 1llustrating a battery module
manufactured by stacking a plurality of battery cartridges,
one of which 1s shown 1n FIG. 1;

FIG. 5 1s a partial front view 1llustrating a battery module
according to an embodiment of the present invention;

FIG. 6 1s a perspective view 1llustrating heat dissipation
members shown 1n FIG. 5;

FIG. 7 1s a front view 1llustrating a battery module accord-
ing to another embodiment of the present invention;

FIG. 8 1s a perspective view illustrating the battery module
of FIG. 7; and

FIG. 9 1s a perspective view 1llustrating a battery module
according to a further embodiment of the present invention.

BEST MOD.

(L]

Now, exemplary embodiments of the present invention will
be described in detail with reference to the accompanying,
drawings. It should be noted, however, that the scope of the
present invention 1s not limited by the illustrated embodi-
ments.

FIG. 1 1s a plan view typically illustrating a battery car-
tridge according to an embodiment of the present invention,
and FIG. 2 1s a vertical sectional view typically illustrating the
battery cartridge when viewed 1n a direction A of FIG. 1.

Referring to these drawings, a battery cartridge 100 1s
coniigured 1n a structure 1n which a plate-shaped battery cell
300 1s mounted in the battery cartridge 100, and a cathode
terminal 330 and an anode terminal 340 of the battery cell 300
protrude outward from the battery cartridge 100.

The battery cartridge 100 includes a pair of plate-shaped

frames 200 and 200' configured to {ix opposite sides of the
battery cell 300 at the outer circumierence thereof 1n a state in
which the opposite sides of the battery cell 300 are open. The
respective frames 200 and 200" are provided at left and right
side parts of the outsides thereof with elastic pressing mem-
bers 210,220,210, and 220", which extend 1n the longitudinal
direction of the respective frames 200 and 200"
Also, the battery cell 300 1s mounted between the respec-
tive frames 200 and 200' in a state 1n which the open sides of
the battery cell 300 protrude from the respective frames 200
and 200'. The elastic pressing members 210, 220, 210", and
220" are mounted at the outsides of the respective frames 200
and 200' 1n a state 1n which the elastic pressing members 210,
220, 210", and 220" have a height L greater than a protruding
height 1 of the battery cell 300 at the open sides thereof.
Consequently, when a plurality of battery cartridges 100 1n
cach of which the battery cell 300 1s mounted are stacked 1n a
state 1n which heat dissipation members (not shown) are
disposed respectively between the battery cartridges 100, the
clastic pressing members 210, 220, 210, and 220" apply elas-
tic compressive force to the heat dissipation members (not
shown) when the elastic pressing members 210, 220, 210',
and 220" are pressed. As aresult, the heat dissipation members
(not shown) are stably mounted between the respective bat-
tery cartridges while the size of a battery module constituted
by the battery cartridges 100 1s not increased by the provision
of the elastic pressing members 210, 220, 210', and 220"

FIG. 3 15 a perspective view typically illustrating a battery
module 400 configured 1n a structure 1n which heat dissipa-
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tion members 500 are disposed respectively between battery
cartridges 100, one of which 1s shown 1n FIG. 1, as described
above.

Referring to FIG. 3, each of the heat dissipation members
500 1s formed 1n the shape of a plate. Each of the heat dissi-
pation members 500 may be implemented by an air cooling
type cooling fin. The heat dissipation members 500 are dis-
posed between the respective battery cartridges 100. The
battery cartridges 100 may be disposed at all of the interfaces
between the respective battery cartridges 100. Alternatively,
the battery cartridges 100 may be disposed at some of the
interfaces between the respective battery cartridges 100.

The battery module 400 1s manufactured by stacking the
battery cartridges 100 in a state in which the heat dissipation
members 300 are disposed between the respective battery
cartridges 100 and inserting coupling members 451, 452, 453,
and 454 through coupling through holes (not shown) formed
in the respective battery cartridges 100.

The elastic pressing members 210, 220, 210', and 220’
mounted at the outsides of the frames 200 of the respective
battery cartridges 100 assist the heat dissipation members 500
to be stably mounted and fixed to the corresponding frames
200.

FI1G. 4 1s a perspective view typically illustrating a battery
module manufactured by stacking a plurality of battery car-
tridges, one of which 1s shown 1n FIG. 1.

Each of the heat dissipation members 500 1s partially
exposed outward from the corresponding battery cartridges,
with the result that heat generated from the battery cells 300
during charge and discharge of the battery cells 300 1s trans-
terred to the heat dissipation members 500 disposed between
the respective battery cartridges 100 and 1s then discharged to
the outside, thereby achieving high heat dissipation effi-
ciency. Consequently, 1t 1s possible to apply various heat
dissipation methods with respect to the battery module 400 by
the provision of the structure in which the elastic pressing,
members 210, 220, 210', and 220" are mounted at the outsides
of the frames 200 of the respective battery cartridges 100
according to the present invention.

FIG. 5 1s a partial front view typically 1llustrating a battery
module according to an embodiment of the present invention.
For convenience of description, the battery cartridges are
simply shown with various members, such as electrode ter-
minals and elastic pressing members, constituting the battery
module being omitted.

Referring to FIG. §, a battery module 600 1s configured in
a structure 1n which four battery cartridges 110,120, 130, and
140 are stacked 1n a state in which the battery cartridges 110,
120, 130, and 140 are adjacent to one another, and two heat
dissipation members 510 and 520 are mounted at predeter-
mined positions of the battery module 600.

The first heat dissipation member 510 1s configured such
that one side of the first heat dissipation member 510 covers
an area W equivalent to approximately half an area of the
outside of the first battery cartridge 110, and the second heat
dissipation member 520 1s configured such that one side of the
second heat dissipation member 520 covers an area W'
equivalent to approximately half an area of the outside of the
first battery cartridge 110 at the opposite side of the first heat
dissipation member 510. As a result, the outside of the first
battery cartridge 110, which 1s an outermost one of the battery
cartridges, 1s substantially entirely covered by the first heat
dissipation member 310 and the second heat dissipation
member 520.

The first heat dissipation member 510 1s bent such that the
other side of the first heat dissipation member 510 1s disposed
between the first battery cartridge 110 and the second battery
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cartridge 120, and the second heat dissipation member 520 1s
also bent such that the other side of the second heat dissipa-
tion member 520 1s disposed between the third battery car-
tridge 130 and the fourth battery cartridge 140. The other side
of the second heat dissipation member 520 extends such that
the other side of the second heat dissipation member 520 1s
disposed throughout the interface between the third battery
cartridge 130 and the fourth battery cartridge 140.

As a result, the first heat dissipation member 510 and the
second heat dissipation member 520 are mounted at the bat-
tery module 600 1n a state 1n which the first heat dissipation
member 510 and the second heat dissipation member 520 do
not overlap with each other.

Also, an msulative member 101 1s mounted between the
outside of the first battery cartridge 110 and the first and
second heat dissipation members 510 and 520 so as to prevent
the first battery cartridge 110 from being overcooled.

FIG. 6 15 a perspective view typically 1llustrating the heat
dissipation members shown 1 FIG. 5. For comparison, the
heat dissipation members are shown as being disposed in the
same arrangement structure, which 1s different from the struc-
ture 1n which the heat dissipation members are mounted at the
battery module of FIG. §.

Referring to FIG. 6, the heat dissipation members 510 and
520 are made of metal bendable plate-shaped materials
exhibiting high thermal conductwlty Each of the heat dissi-
pation members 510 and 520 1s bent 1n a °[” shape to cover
sides of the respective battery cartridges (not shown).

Specifically, one side of each of the heat dissipation mem-
bers 510 and 520 has a relatively short length h such that one
side of each of the heat dissipation members 510 and 520
partially covers the outside of the outermost battery cartridge
(not shown), and the other side of each of the heat dissipation
members 510 and 520 has a relatively long length H such that
the other side of each of the heat dissipation members 510 and
520 1s disposed throughout the interface between the corre-
sponding battery cartridges.

Meanwhile, the second heat dissipation member 520 has a
bending width D greater than a bending width d of the first
heat dissipation member 510. This 1s because the other side of
the first heat dissipation member 510 1s disposed between the
first battery cartridge 110 and the second battery cartridge
120 as shown 1n FIG. 5, and therefore, the bending width d of
the first heat dissipation member 510 corresponds to the sum
ol the thickness of the msulative member 101 and the thick-
ness of the first battery cartridge 110; the other side of the
second heat dissipation member 520 1s disposed between the
third battery cartridge 130 and the fourth battery cartridge
140 as shown 1n F1G. 5, and therefore, the bending width D of
the second heat dissipation member 520 corresponds to the
sum of the thickness of the insulative member 101, the thick-
ness of the first battery cartridge 110, the thickness of the
second battery cartridge 120, and the thickness of the third
battery cartridge 130.

FIG. 7 1s a front view typically 1llustrating a battery module
according to another embodiment of the present invention,
and FIG. 8 1s a perspective view typically illustrating the
battery module of FIG. 7.

Referring to these drawings, a battery module 700 1s con-
figured 1n a structure 1n which eight battery cartridges are
stacked 1n a state 1n which sides of the respective battery
cartridges are 1n tight contact with corresponding sides of the
neighboring battery cartridges without air gaps, and four heat
dissipation members are mounted at the battery module 700.

The first heat dissipation member 530 and the second heat
dissipation member 540 are configured such that one side of
cach of the first and second heat dissipation members 330 and
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540 covers an area equivalent to approximately half the area
ol the outside of the first battery cartridge 110, which 1s an
outermost one of the battery cartridges, and the third heat
dissipation member 5350 and the fourth heat dissipation mem-
ber 560 are configured such that one side of each of the third
and fourth heat dissipation members 550 and 560 covers an
area equivalent to approximately half the area of the outside
of the eighth battery cartridge 180, which 1s another outer-
most one of the battery cartridges.

The first heat dissipation member 530 1s bent such that the
other side of the first heat dissipation member 330 1s disposed
between the third battery cartridge 130 and the fourth battery
cartridge 140, and the second heat dissipation member 540 1s
bent such that the other side of the second heat dissipation
member 540 1s disposed between the second battery cartridge
120 and the third battery cartridge 130. Also, the third heat
dissipation member 550 1s bent such that the other side of the
third heat dissipation member 550 1s disposed between the
fifth battery cartridge 150 and the sixth battery cartridge 160,
and the fourth heat dissipation member 560 1s bent such that
the other side of the fourth heat dissipation member 560 1s
disposed between the sixth battery cartridge 160 and the
seventh battery cartridge 170.

The battery cartridges 110,120, 140,150, 170, and 180 are
configured such that one side of each of the battery cartridges
110,120,140,150,170, and 180 1s 1n direct or indirect contact
with a corresponding one of the heat dissipation members
530, 540, 550, and 560. On the other hand, the battery car-
tridges 130 and 160 are configured such that opposite sides of
cach of the battery cartridges 130 and 160 are 1n direct contact
with corresponding ones of the heat dissipation members 530,
540, 550, and 560. However, the battery cartridges and the
heat dissipation members may be arranged in various forms
as long as the heat dissipation members can be brought into
tight contact with the corresponding battery cartridges by the
heat dissipation members (not shown). According to circum-
stances, the heat dissipation members may be provided at
opposite sides of the battery cartridges located at the middle
region of the battery module, at which heat accumulation may
be serious, 1n a tight contact manner.

Also, 1nsulative members 102 and 103 are mounted
between the first battery cartridge 110 and the first heat dis-
sipation member 530 and between the eighth battery cartridge
180 and the fourth heat dissipation member 560, respectively,
so as to prevent the first battery cartridge 110 and the eighth
battery cartridge 180 from being overcooled.

As a result, balanced dissipation of heat from the battery
cartridges 1s achieved, thereby reducing overall temperature
deviation.

Consequently, the battery module including the battery
cartridges according to the present invention are configured 1n
a structure in which the heat dissipation members are
mounted between the battery cartridges 1n various manners,
thereby achieving ellicient heat dissipation.

FIG. 9 1s a perspective view 1llustrating a battery module
according to a further embodiment of the present invention.

In a battery module 4004 of FIG. 9, battery cells 300q are
configured 1n a structure 1n which a cathode terminal 330 and
an anode terminal 340 protrude upward from each of the
battery cells 300a. Consequently, the battery cartridges 100
are applicable to the battery cells 300a configured in a struc-
ture 1n which the cathode terminal 330 and the anode terminal
340 protrude from each of the battery cells 300s 1n the same
direction as well as the battery cells 300 configured in a
structure 1n which the cathode terminal 330 and the anode
terminal 340 protrude from each of the battery cells 300 in
opposite directions as 1n the battery module 400 of FIG. 4.
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The battery module 400a of FIG. 9 1s identical 1n other struc-
ture to the battery module 400 of FIG. 4, and therefore, a
detailed description thereotf will not be given.

Although the exemplary embodiments of the present
invention have been disclosed for 1llustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed 1n the
accompanying claims.

The invention claimed 1s:
1. A battery module configured 1n a structure 1 which
battery cartridges are sequentially stacked 1n a state 1n which
battery cells are mounted 1n the battery cartridges, and a hea
dissipation member 1s disposed 1n at least one interface
between the battery cartridges,
wherein each of the battery cartridges are configured 1n a
frame structure to mount a plate-shaped battery cell
therein, each of the battery cartridges comprising a pair
of plate-shaped frames configured to {ix an outer cir-
cumierence of the battery cell in a state 1n which at least
one side of the battery cell 1s open, wherein each of the
frames 1s provided at an outside thereof with an elastic
pressing member configured to fix a heat dissipation
member to the open side of the battery cell in a tight
contact manner upon manufacture of the battery mod-
ule,
wherein the elastic pressing member 1s mounted to at least
one selected from a group consisting of an upper side
region, a lower side region, a left side region, and a right
side region of the outside of each of the frames,

wherein the heat dissipation member comprises a first heat
dissipation member and a second heat dissipation mem-
ber,
the first heat dissipation member extends such that one side
of the first heat dissipation member covers at least a
portion ol outermost battery cartridge (a) of the battery
module, wherein outermost battery cartridge (a) 1s one
of the outermost battery cartridges of the battery mod-
ule, and the other side of the first heat dissipation mem-
ber 1s disposed between the iner battery cartridges, and

the second heat dissipation member extends such that one
side of the second heat dissipation member covers at
least a portion of the outermost battery cartridge (a) of
the battery module 1n a state 1n which the second heat
dissipation member does not overlap with the first heat
dissipation member, and the other side of the second heat
dissipation member 1s disposed between the inner bat-
tery cartridges,

and the second heat dissipation member does not occupy

the space between the same inner battery cartridges as
the first heat dissipation member.

2. The battery module according to claim 1, wherein each
of the battery cartridges, the battery cell 1s mounted between
the respective frames 1n a state in which the at least one open
side of the battery cell protrudes from a corresponding one of
the frames, and the elastic pressing member 1s mounted at the
outside of each of the frames 1n a state 1n which the elastic
pressing member has a height greater than a protruding height
of the battery cell at the at least one open side thereof.

3. The battery module according to claim 2, wherein each
of the battery cartridges, the elastic pressing member 1s pro-
vided at an outer surface thereof with at least one structure
selected from a group consisting of a depressed part, an
embossed part, and a groove.

4. The battery module according to claim 1, wherein each
of the battery cartridges, the elastic pressing member 1s made
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ol a polymer resin exhibiting high elastic compressive force
when the elastic pressing member 1s pressed.

5. The battery module according to claim 4, wherein each
ol the battery cartridges, the elastic pressing member 1s made
of rubber.

6. The battery module according to claim 1, wherein each
of the battery cartridges, each of the frames 1s provided at the
outside thereof with a groove, 1n which the elastic pressing
member 15 mounted.

7. The battery module according to claim 1, wherein each
of the battery cartridges, the elastic pressing member has a
width equivalent to 10 to 80% of an area of a width of each of
the frames.

8. The battery module according to claim 1, wherein the
heat dissipation members are formed 1n the shape of a plate,
and the heat dissipation members are disposed between the
battery cartridges in a state in which at least a portion of one
of the heat dissipation members 1s exposed outward from the
stacked battery cartridges.

9. The battery module according to claim 1, wherein the
heat dissipation members are air cooling type cooling fins or
a water cooling type cooling plates.

10. The battery module according to claim 1, wherein the
heat dissipation members are mounted at the battery module
in a state 1n which the heat dissipation members are bent to
cover sides of the battery cartridges.

11. The battery module according to claim 1, wherein the
first heat dissipation member 1s configured such that one side
of the first heat dissipation member covers an area equivalent
to 3 to 4 of an area of the outside of the outermost battery
cartridge (a), and the second heat dissipation member 1s con-
figured such that one side of the second heat dissipation
member covers an area equivalent to 14 to V2 of an area of the
outside of the outermost battery cartridge (a) at the opposite
side of the first heat dissipation member.

12. The battery module according to claim 1, wherein the
other side of each of the first and second heat dissipation
members disposed between the battery cartridges extends
such that the other side of each of the first and second heat
dissipation members 1s disposed throughout an interface
between the battery cartridges.

13. The battery module according to claim 1, wherein the
heat dissipation members are mounted at the battery module
such that the other side of each of the heat dissipation mem-
bers 1s located at one side of each of the plate-shaped battery
cartridges.

14. The battery module according to claim 1, wherein the
outermost battery cartridge (a) 1s a first battery cartridge, and
the inner battery cartridges include at least a second battery
cartridge, a third battery cartridge, and a fourth battery car-
tridge, the other side of the first heat dissipation member 1s
disposed between the first battery cartridge and the second
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battery cartridge, and the other side of the second heat dissi-
pation member 1s disposed between the third battery cartridge
and the fourth battery cartridge.

15. The battery module according to claim 1, wherein the
heat dissipation member further comprises a third heat dissi-
pation member and a fourth heat dissipation member
mounted to outermost battery cartridge (b) of the battery
module, wherein outermost battery cartridge (b) 1s the outer-
most battery cartridge of the battery module opposite of out-
ermost battery cartridge (a), wherein the third heat dissipation
member extends such that one side of the third heat dissipa-
tion member covers at least a portion of the outermost battery
cartridge (b) of the battery module, and the other side of the
third heat dissipation member 1s disposed between the inner
battery cartridges, and the fourth heat dissipation member
extends such that one side of the fourth heat dissipation mem-
ber covers at least a portion of the outermost battery cartridge
(b) of the battery module 1n a state 1n which the fourth heat
dissipation member does not overlap with the third heat dis-
sipation member,

wherein the third heat dissipation member and the fourth

heat dissipation member are mounted at the battery
module at positions at which the third heat dissipation
member and the fourth third heat dissipation member do
not overlap with the first heat dissipation member and
the second heat dissipation member, and

wherein the fourth heat dissipation member does not

occupy the space between the same mner battery car-
tridges as the third heat dissipation member and the third
and fourth heat dissipation members does not occupy the
space between the same mner battery cartridges as the
first and second heat dissipation members.

16. The battery module according to claim 15, wherein the
outermost battery cartridge (b) 1s an nth battery cartridge, and
the 1inner battery cartridges includes at least an n—1th battery
cartridge an n-2th battery cartridge, and an n-3th battery
cartridge, the other side of the third heat dissipation member
1s disposed between the n—1th battery cartridge and the n-2th
battery cartridge, and the other side of the fourth heat dissi-
pation member 1s disposed between the n-2th battery car-
tridge and the n—3th battery cartridge.

17. The battery module according to claim 1, wherein an
insulative member 1s mounted between the outside of the
outermost battery cartridge (a) and the heat dissipation mem-
bers so as to prevent the outermost battery cartridge (a) from
being overcooled.

18. The battery module according to claim 1, wherein the
battery module comprises a total o1 6 to 12 battery cartridges.

19. The battery module according to claim 1, wherein the
battery module 1s used as a power source for electric vehicles,
hybrid electric vehicles, or plug-in hybrid electric vehicles.
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